Introduction
Because of the substantial costs associated with sending field interviewers to tens of thousands of households, the earliest comprehensive AIDS surveys in developed nations used 'telephone' survey techniques. [1] [2] [3] A growing body of evidence suggests, however, that telephone surveys are subject to non-trivial reporting biases because they require respondents to disclose sensitive, stigmatized or illicit behaviours to human interviewers. [4] [5] [6] In 1996, we reported the first test of Telephone Audio Computer-Assisted Self-Interviewing (T-ACASI). 7 This technology asks questions by playing digitized voice files, and respondents provide answers using the keypad of their touchtone telephones. We found that T-ACASI interviews were feasible, well tolerated by respondents and they could reduce underreporting of sensitive or stigmatized sexual behaviours. This technology was subsequently tested in a randomized experiment embedded in the 1996-98 Urban Men's Health Survey (UMHS); it found that representative samples of men who have sex with men were more likely to report use of a range of illegal drugs, concern about their current drug use and exchange of money or drugs for sex when interviewed by T-ACASI rather than human telephone interviewers. 8 Subsequent work by our group and collaborators has found that T-ACASI increased reporting of sensitive and stigmatized behaviours including illicit (but not licit) drug use, same-gender sexual behaviours, STD histories and 'unpopular attitudes' in probability samples of the US population and teen smoking in a regional sample. [9] [10] [11] [12] [13] Work by other researchers has yielded generally supportive evidence. [14] [15] Of particular note is the independent development of T-ACASI technology by Lau and collaborators, 16 who conducted a randomized experiment in 2001 comparing T-ACASI with traditional interviewer-administered telephone interviewing in a survey of Hong Kong adults. Lau et al. reported that for the 13 questions asked of male respondents, T-ACASI elicited 'more frequent' reporting of sex in the last 6 months with female sex workers and non-regular female sex partners, lifetime experience of male-male sex, and 'less frequent' reporting of having a regular sex partner. Female respondents were asked 11 questions, and those interviewed in the T-ACASI mode were 'more likely' to report some risk or a high risk of contracting HIV from their husband and having a one-night stand or HIV test in the past 6 months; they were 'less likely' to report having a husband, having intercourse with their husband in the past 6 months and being able to insist that their husband use condoms if they suspected that he had sex with female sex workers.
The U.S.A. National STD and Behavior Measurement Experiment (NSBME) was designed to assess the impact of T-ACASI on reporting of a wide range of sensitive characteristics and behaviours in a probability sample of US adults aged 18-45. This article reports results for the 29 NSBME questions that asked respondents about their (mainly) heterosexual experiences, practices and problems.
Methods
The protocol for this research was approved and supervised by Institutional Review Boards for the Protection of Human Subjects at the Research Triangle Institute (RTI) and the University of Massachusetts at Boston.
Sample design and execution
The NSBME was embedded in a telephone survey of a probability sample of women and men aged 18-45 years residing in US households with working landline telephones. The survey was conducted between September 1999 and April 2000. Two sample strata were recruited for this survey measurement experiment: (i) a sample of the telephone-accessible US household population aged 18-45 (national stratum) and (ii) a parallel sample of the telephoneaccessible population of the city of Baltimore, MD (Baltimore stratum For the national stratum, 14 250 telephone numbers were generated, and 12 322 telephone numbers (86.5%) were successfully screened for eligibility. Of these screened telephone numbers, 2183 were found to be residential numbers with one or more eligible English-speaking respondents aged 18-45. One eligible household member of these households was randomly selected for participation in the survey (without substitution). Of the 2183 target respondents, 1452 in the national strata completed interviews (66.5%), and 91 respondents (4.2%) completed partial interviews that included at least one substantive questionnaire section. (Interviews were considered 'complete' if the respondent completed the 101st of 123 questions in the male version of the questionnaire and the 103rd of 125 questions in the female version, excluding closeout questions on reactions to the survey.) A maximum of 91 calls per household were made to screen households and complete an interview in the national stratum.
For the Baltimore stratum, 7498 telephone numbers were generated and 6326 (84.4%) were successfully screened for eligibility. Screening identified 1072 households with an eligible respondent, and 697 of these eligible respondents completed interviews (65.0%). An additional 47 respondents (4.4%) completed partial interviews. A maximum of 82 calls per household were made to screen households and complete an interview in the Baltimore stratum.
Using a professionally endorsed methodology, 17 we calculated the survey response rates for the NSBME to be 62% for the telephone interviewer-administered questioning (T-IAQ) condition and 53% for the T-ACASI condition in the national stratum. In the Baltimore stratum, these response rates were 56% for the T-IAQ condition and 50% for the T-ACASI condition (see ref. 18 , pp. 23-29). These calculations take account of the joint effects of failures to: (i) reach households on the telephone, (ii) screen the households to identify all eligible adults and (iii) interview the randomly selected eligible adult. Additional details of NSBME survey sample design and execution have been published elsewhere. 10, 18, 19 Interview modes Telephone numbers were randomly assigned to the T-IAQ or T-ACASI conditions prior to their release to the telephone survey unit. Following screening and recruitment into the study, telephone interviewers at the Center for Survey Research (University of Massachusetts, Boston) conducted the survey either by asking the respondent questions and recording their answers (T-IAQ condition) or by transferring the respondent to a T-ACASI system developed by Cooley et al.
20,21

Survey measurements
The NSBME included 125 questions of which 29 focused on sexual experience, sexual practices, condom use and problems with sexual satisfaction and sexual arousal. Most NSBME questions were adapted from past large-scale surveys of sexual behaviour in the United States and the UK. This was done to ensure the generalizability of NSBME results to contemporary research efforts. The complete wordings and sources of the survey questions used in this article can be found Appendix A1 (available as Supplementary Data at IJE online).
Heterosexual focus
To the extent possible given the survey questions, this article focuses on heterosexual behaviour. (We have previously reported NSBME results on same-gender sexual behaviors. 10 ) Many questions reported in this article refer 'explicitly' to heterosexual experiences.
Other questions-such as number of sex partnersdo not explicitly restrict reporting to heterosexual experiences. To (imperfectly) focus our analyses, we exclude respondents who reported never having heterosexual vaginal sex and who also report that they were mostly or exclusively attracted to samegender partners.
Statistical analysis
Our analyses of the NSBME are intended to determine whether T-ACASI increases the willingness of respondents to report sensitive, stigmatized or embarrassing behaviours. To address this research question, we combine the national and Baltimore sample strata. The combined sample strata are treated as a population that has been randomly allocated to one of two experimental conditions: T-ACASI or T-IAQ interview mode. Data in these analyses are unweighted, and our statistical analyses assess the likelihood that observed fluctuations in survey responses across the two interview modes arose by chance from the random allocation of respondents to one of the two experimental groups. (All estimates reported in this article are sample not population prevalences.)
The survey measurements reported in this article are either binary, ordinal or metric. Tests of the equivalence of the response distributions obtained in the T-ACASI and T-IAQ conditions were performed by fitting logit models to predict the binary measurements, ordered logit models to predict the ordinal measurements and multiple linear regression to predict the metric measurements. Our analyses present both raw coefficients representing the impact of T-ACASI (i.e. the experimental manipulation: T-ACASI vs T-IAQ) and adjusted coefficients that represent the impact of T-ACASI after incorporating statistical controls for a wide range of sociodemographic variables. Our final analyses tested for variation in the impact of T-ACASI on reporting by male and female respondents. For each measurement, we estimated (i) the impact of T-ACASI and female gender on response distributions and (ii) the impact of T-ACASI, female gender and the interaction of female-by-T-ACASI on response distributions. We report results for these analyses when the P-value of the coefficient for the interaction term was 40.10.
All statistical analyses were carried out using Stata SE, versions 8 and 10. 22 
Results
Sample equivalence
Previously published analyses of the NSBME tested the equivalence of T-IAQ and T-ACASI samples by gender, age, marital status, education, race/ethnicity, region, urbanization and sample strata. No comparison produced evidence of non-equivalence with a P-value 40.286.
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Reports of sexual experience For the nine binary measurements shown in the top panel of Table 1 , the odds ratios (ORs) indicate that T-ACASI obtained increased reporting of the presumed 'sensitive' answer, i.e. never having sex of any type or heterosexual vaginal sex, not having a main sex partner, and having one-night stands, coerced sex, paid sex, another sex partner while married or in a 'committed relationship' (extra-relationship sex). These results are statistically reliable for reports of never having sex of Age at sexual debut Figure 1 plots the odds ratio (T-ACASI vs T-IAQ) that male and female respondents would report heterosexual intercourse before specific ages between 12 and 24 years, and it displays one of our major findings. For both men and women, T-ACASI respondents were significantly more likely to report that their heterosexual debut occurred before the ages of 12, 13, 14 and 15 years. For women, the odds ratios range from 2.74 (P ¼ 0.014) for reporting sexual debut Unweighted data from 2000 NSBME: national and Baltimore sample strata combined. Sample excludes respondents who report never having had heterosexual vaginal sex and who also report sexual attraction only or mostly to persons of the same gender.
a Adjusted odds ratios and regression coefficients were calculated by adding independent variables to control for gender, race (Black vs non-Black), Hispanic ethnicity, age in years, education in years, marital status (married or cohabiting vs not), region of the country (six regions), urbanicity (four categories: 21 largest metropolitan areas; jurisdictions with 85 000 or more households; 20 000-84 999 households, and less than 20 000 households), and sample strata (National vs Baltimore). The adjustment for sample strata was dropped during model estimation due to multicollinearity with the other adjustment variables. b Excludes persons who were never married or involved in committed relationship. c Men were much more likely than women to report paying for sex (15.4 vs 0.3%), but the T-ACASI effect for men was not statistically reliable (16.8% in T-ACASI vs 14.3% in T-IAQ; P ¼ 0.31). d Adjusted odds ratios and regression coefficients were estimated for pooled sample of male and female respondents. This estimated effect evidenced a statistically borderline interaction (P ¼ 0.06) with gender, i.e. estimates for males and females were not equivalent. See the text for discussion.
e To conserve space, this table collapses categories for reporting of many partners (e.g. 50-99 and 100þ lifetime partners) since they were infrequently reported. Regression analysis used all response categories. For variables that were coded as ranges, e.g. '6-10' partners, respondents were assigned the midpoint of the interval. For final categories such as 100þ partners, respondents were assigned value of 120% of the highest value of base category, e.g. 100þ was coded to 120 partners for regression analysis. Table 2 presents results for 10 questions asking about respondents' sexual practices, condom use and sexual communication. T-ACASI elicited more frequent reporting of recent active and passive heterosexual oral sex, heterosexual anal sex and heterosexual vaginal sex during a woman's menstrual period (AORs ¼ 1.36-2.00; P ¼ 0.002 to <0.001). T-ACASI also decreased reporting of consistent condom use in the past month (OR ¼ 0.80, P ¼ 0.012), but the effect did not persist when the ordered logit model was expanded to include our sociodemographic controls (A-OR ¼ 0.87, P ¼ 0.259). We note, however, that respondents were more likely to tell a human interviewer that they used condoms 'every time' they had sex in the past month (8.4% in T-ACASI condition vs 16.4% in T-IAQ, A-OR ¼ 0.44, P < 0.001). T-ACASI also elicited fewer reports that respondents had talked with their most recent sex partner about contraception and more reports that they had used withdrawal as a contraceptive method, although these results were of borderline statistical significance (AORs ¼ 0.82 and 1.23, P ¼ 0.094 and 0.076, respectively). Finally, we note that T-ACASI elicited reports of more frequent sharing of information about numbers of past sex partners with new sex partners acquired during the preceding year (A-OR ¼ 1.82 for asking for information from new partner, P ¼ 0.007; and A-OR ¼ 1.57 for providing information to a new partner, P ¼ 0.031).
Sexual practices
There were also noteworthy variations in the impact of T-ACASI on male and female reporting of recency of giving oral sex to heterosexual partners and exchanging information on sexual partners (data not shown). T-ACASI elicited more reports from women of recently giving oral sex to a male partner (A-OR ¼ 1.55, P < 0.001), while the parallel T-ACASI effect for males is smaller and statistically unreliable (A-OR ¼ 1.16, P ¼ 0.24). This result is seen clearly in the percentage of men and women reporting that they had 'never' given oral sex to a heterosexual partner. For women, T-ACASI decreased the reporting of 'never' giving oral sex from 27.2 to 14.9%, whereas for men the reduction was more modest, from 16.8 to 12.0%. T-ACASI also did not have a noteworthy impact on women's reports of sharing information on numbers of past partners with a new sex partner (OR ¼ 0.89, P40.50 for asking; OR ¼ 1.02, P 4 0.50 for telling). T-ACASI, however, increased the odds that males would report more frequent sharing of this information with new sex partners (OR ¼ 1.98, P ¼ 0.002 for asking; OR ¼ 1.76, P ¼ 0.008 for telling). T-ACASI increased the percentage of men reporting 'always asking' new partners for this information from 14.1 to 30.0% and the percentage reporting 'always providing' this information from 17.2 to 28.3%. Table 3 describes the impact of T-ACASI on reporting of respondent's and partner's sexual problems and the respondent's ease or difficulty becoming sexually aroused when 'hav[ing] any kind of sex'. T-ACASI significantly increased the odds that respondents would report sexual problems for their partners (A-OR ¼ 1.48, P ¼ 0.047) and for themselves (A-OR ¼ 1.45, P ¼ 0.034). T-ACASI also shifted responses on ease of sexual arousal towards 'very easy' and away from 'very difficult' (A-OR ¼ 0.59, P < 0.001). Thus, the percentage of respondents reporting that it is very easy for them to become sexually aroused increases from 39.6% when questioning is done by a human interviewer to 54.3% when questioning is done by a T-ACASI computer. Tests for gender-by-T-ACASI interaction indicate, however, that the impact of T-ACASI is stronger for males (A-OR ¼ 0.38, P < 0.001) than for females (A-OR ¼ 0.79, P ¼ 0.046; with P < 0.001 for test of the interaction). This is seen most clearly in reporting that sexual arousal is 'very easy'. The percentage of males giving this answer increases from 53.6% in the T-IAQ condition to 76.2% in T-ACASI, whereas for females the parallel increase is from 29.8 to 38.5%.
Sexual problems
Discussion
A growing number of studies report that computerassisted self-interviewing (CASI) technologies obtain increased reporting of sensitive and stigmatized behaviours and, more recently, attitudes and opinions. The present study provides a substantial demonstration of the superiority of T-ACASI to traditional telephone interviewing in obtaining reports of sensitive behaviours. For 18 of 29 measurements of (mainly) heterosexual behaviours, T-ACASI obtained statistically reliable or borderline differences in the response distributions from the measurements made by human telephone interviewers. In the vast majority of cases, T-ACASI elicited more frequent reporting of the behaviours presumed to be more sensitive. So, for example, the percentage of respondents reporting ever having heterosexual anal sex increased from 25.5% when questioning was done by human telephone interviewers to 36.7% when questioning was done by a T-ACASI computer (OR ¼ 1.70, P < 0.001). T-ACASI also elicited: (i) more frequent reporting of recent active and passive heterosexual oral sex, and of heterosexual vaginal sex during a woman's menstrual period; (ii) reporting of a larger number of 'new' sexual partners in the past month and past year; (iii) reporting an earlier age of sexual debut; (iv) more frequent reporting of one-night stands, forced sex, sexual problems of respondents and their partners, and additional sex partners while married or in a 'committed relationship'; (v) more frequent reporting of a lack of sexual experience of any kind 
Unweighted data from 2000 NSBME: National and Baltimore strata combined. Sample excludes respondents who report never having had heterosexual vaginal sex and who also report sexual attraction only or mostly to persons of the same gender.
a Adjusted odds ratios were calculated by adding independent variables to control for gender, race (Black vs non-Black), Hispanic ethnicity, age in years, education in years, marital status (married or cohabiting vs not), region of the country (six regions), urbanicity (four categories: 21 largest metropolitan areas; jurisdictions with 85 000 or more households; 20 000-84 999 households, and less than 20 000 households), and sample strata (National vs Baltimore). The adjustment for sample strata was dropped during model estimation due to multicollinearity with the other adjustment variables.
b Adjusted odds ratios were estimated for pooled sample of male and female respondents. These estimated effects evidenced a statistically significant or borderline interaction with gender, i.e. estimates for males and females were not equivalent. See text for discussion.
by men and women; (vi) inexperience with heterosexual vaginal sex among men aged 520; and (vii) less frequent reporting that condoms were used 'every time' respondents had sex in the past month.
The foregoing results are generally consistent with the investigators' expectation that the privacy afforded by T-ACASI would increase reporting of potentially sensitive or embarrassing behaviours (e.g. extramarital sex) and decrease reporting of socially approved behaviours (e.g. consistent condom use).
Two results, however, were inconsistent with our initial expectations. With the deluge of advertising for medications to treat erectile dysfunction, we had expected T-ACASI to elicit more frequent reporting of problems with sexual arousal. We found, however, that T-ACASI substantially increased the odds that men would report that it was easy for them to become aroused. (A parallel effect was not found for females.) On reflection, we suspect that our initial expectation caused us to overlook the relative youth of our sample (ages 18-45) and the potential negative aspects of either having or admitting to having a low threshold for sexual arousal (e.g. embarrassing erections at inappropriate times or worries about being perceived as sexually impulsive). We were also surprised and remain perplexed that T-ACASI increased the odds that men would report sharing their sexual histories with their last new sex partner. Since having a large number of sex partners is a risk factor for STIs, it is often recommended that this information be shared in new sexual partnerships. Our result would suggest that T-ACASI induced respondents to provide a 'more socially desirable' response. This result is, however, consistent with another NSBME finding reported elsewhere that respondents in T-ACASI reported 'more frequent discussions' of their sex life with their main partner. 11 It is possible that our surprise at these results is due to our own misunderstanding of the social dynamics of reporting on the frequency of sexual communications. Reporting such sexual communication-rather than the absence of such communication-may be the more sensitive or embarrassing response for the majority of the population. This is obviously speculation on our part, but the topic should merit further research in the future.
Supplementary Data
Supplementary data are available at IJE online.
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Unweighted data from 2000 NSBME: national and Baltimore strata combined.
a Adjusted odds ratios were calculated by adding independent variables to control for gender, race (Black vs non-Black), Hispanic ethnicity, age in years, education in years, marital status (married or cohabiting vs not), region of the country (six regions), urbanicity (four categories: 21 largest metropolitan areas; jurisdictions with 85 000 or more households; 20 000-84 999 households, and less than 20 000 households), and sample strata (National vs Baltimore). The adjustment for sample strata was dropped during model estimation due to multicollinearity with the other adjustment variables. b This question refers to either the respondent's current 'main sex partner' or-if there was no main sex partner-'the last partner with whom you had an ongoing sexual relationship that lasted at least a month'. c Adjusted odds ratios were estimated for pooled sample of male and female respondents. This estimated effects evidenced a statistically significant (P < 0.001) with gender, i.e. estimates for males and females were not equivalent. See the text for discussion.
